Abstract: A simple and highly efficient procedure for the synthesis of 2 H -chromen-2-ones via von Pechmann condensation, involving the grinding of different phenols and β -ketoesters in the presence of silica supported sulfuric acid at room temperature, under solvent free conditions, has been described.
Introduction
2 H -Chromen-2-ones, commonly known as coumarins, are naturally occurring oxygen heterocyclic compounds which have a distinct and important place in natural and synthetic organic chemistry, as they have been found to exhibit varying degrees of biological activities, namely, antibacterial, antiviral, anticancer and anti HIV [ 1 -3 ] . These have been reported to display activity against several types of animal tumors [ 4 ] , prostate cancer and metastatic renal cell carcinoma [ 5 ] and have also been used as additives in food, cosmetics [ 6 ] , optical brighteners [ 7 ] , dispersed fluorescent and laser dyes [ 8 ] .
Due to the importance of the 2 H -chromen-2-ones, continuous efforts have been made to simplify the procedures for the synthesis of these compounds, which include use of Pechmann and Duisberg [ 9 ] , Perkin and Henry [ 10 ] , Knoevenagal [ 11 ] , Reformatsky [ 12 ] and Wittig [ 13 ] reactions. Among these, the Pechmann condensation is considered to be one of the most important, as it requires simple starting materials. A large number of condensing agents such as strong acids H 2 SO 4 , HCl, H 3 PO 4 , F 3 CCOOH, solid super acid [ 9 , 14 -16 ] [ 14 -18 ] and ion exchange resins [ 19 ] have been used in the Pechmann condensation. Recently, the use of microwaves [ 20 ] , ionic liquid as a Lewis acid [ 21 ] , Zn/I 2 [ 22 ] , Yb(OTf) 3 [ 23 ] , LiBr [ 24 ] , I 2 [ 25 ] , CoPy 2 Cl 2 [ 26 ] , p-TSA [ 27 ] , BTSA/SiO 2 [ 28 ] and polyvinyl sulfonic acid [ 29 ] has also been reported. Some of the above mentioned reagents possess limitations, such as the use of harsh or hazardous chemicals, mainly organic solvents, expensive and large amount of reactants, a longer reaction time, elevated temperature and the formation of side products. The shortcomings led us to develop a safe and more efficient method for the Pechmann condensation.
A survey of the literature reveals that silica supported sulfuric acid has been used as a versatile solid acid catalyst for various types of reactions [ 30 -34 ] . The grinding technique has been considered to be an important tool to carry out the reactions under solvent free conditions, with maximum yield and minimum cost, and it has got much attention due to its operational simplicity [ 35 -37 ] . In continuation of our work to develop simple green procedures for the synthesis of heterocyclic compounds using acid catalysts [ 27 ] , we report a highly efficient method for the synthesis of 2 H -chromen-2-ones via Pechmann condensation, using silica supported sulfuric acid under solvent free conditions using the grinding technique.
Experimental part
Melting points were determined in open capillaries using a Thiele tube. A mortar and pestle of porcelain was used for all the experiments. Silica gel ( > 99%), ethyl acetoacetate ( > 99%), 1-chloroethylacetoacetate (95%), benzoyl acetoacetate (90%), resorcinol (99%) and phloroglucinol ( > 99%) were purchased from Sigma-Aldrich Chemicals, New Delhi, India. Pyrogallol with > 98% purity was also purchased from Sigma-Aldrich Chemicals. 1-Naphthol ( > 99%), 2-naphthol ( > 99%), ethyl acetate (99.9%) and sulfuric acid with 98% purity were received from Merck, Mumbai, India. Silica supported sulfuric acid was prepared by the procedure as reported in the literature [ 38 ] .
Preparation of H 2 SO 4 ·SiO 2
To a dispersion of silica gel (10 g, 230 -400 mesh) in diethyl ether (50 ml), 3 ml of conc. H 2 SO 4 was added with shaking for 5 min. The solvent was removed under reduced pressure to get H 2 SO 4 ·SiO 2 , which was then dried at 110 o C for 3 h. 
General procedure for synthesis of 2 H -chromen-2-ones 1a-i
A mixture of substituted phenol (1 mmol) and β -ketoester (1 mmol) was grounded with silica supported sulfuric acid (100 mg) in a mortar by pestle for 5 min, until a color change of the reaction mixture took place. The reaction mixture was kept at room temperature for about 10 -20 min. The completion of the reaction was checked by thin layer chromatography. The reaction mixture was diluted with ethyl acetate and filtered to recover the catalyst. The filtrate was washed with water and concentrated. The residue obtained was recrystallized from ethanol to give pure 2 H -chromen-2-ones in high yield.
In order to study the efficiency of the catalyst, a mixture of resorcinol and ethyl acetoacetate was grounded in the presence of silica supported sulfuric acid (H 2 SO 4 ·SiO 2 ) in a mortar by a pestle ( Scheme 1 ), which was taken as the model reaction. The progress of the reaction was checked by thin layer chromatography. The reactants were found to have reacted almost completely in 5 min and had to be kept at room temperature for another 10 -20 min for the completion of the reaction. The optimum conditions of the reaction were achieved by using varying amounts of catalyst and best yields were obtained by using 100 mg of H 2 SO 4 ·SiO 2 . No reaction was found to take place in the absence of a catalyst. Further, it was observed that lower concentrations of the catalyst gave lower yields and higher concentrations of the catalyst were found to be of no use, as the reaction was not improved in terms of yield and time ( Table 1 ). This indicates that the best results were obtained by using 100 mg of catalyst in standard reaction under solvent free conditions. To check the reusability of the catalyst, a recycle study was carried out. The catalyst was used for three recycles in a model reaction. In the 1 st , 2 nd and 3 rd recycles, the yields were obtained as 95%, 92% and 88%, respectively. Thus, the recycle results showed no appreciable loss in yields.
The scope of the method was further studied by reacting differently substituted phenols with ethyl acetoacetate, 1-chloroethylacetoacetate and benzoyl acetoacetate, to give corresponding coumarins in excellent yields under solvent free conditions at room temperature. The identity of the products ( Table 2 ) was confirmed by their IR, 1 H NMR, 13 C NMR and mass spectral data and by comparison with authentic samples. Moreover, to illustrate the efficiency and generality of the present protocol, some of the results of our method compared with the literature methods as shown in Table 3 . Thus, it is evident that the present protocol is superior to the reported methods in terms of time and yield of the product using the grinding technique.
Conclusion
In conclusion it can be stated that the present protocol for the synthesis of 2 H -chromen-2-ones via Pechmann condensation, using silica supported sulfuric acid, is simple and highly efficient under solvent free conditions using the grinding technique. This is a mild, rapid and superior method. 
